Purpose: The purpose of this study was to examine the usefulness of abdominal sonography in the diagnosis of necrotizing enterocolitis (NEC). Methods: We reviewed the medical records of 51 neonates who were diagnosed with NEC in the neonatal intensive care unit at Yeouido St. Mary's Hospital of the Catholic University in Korea between January 2008 and December 2012. The neonates under went abdominal ultrasonography on the day of their diagnosis and on the third day after diagnosis. Simple abdominal radiography was performed on the same day as the sonography. The neonates were diagnosed with NEC in accordance with the ab dominal sonographic findings. Abdominal radiography and sonography were used to assess the NEC stages in the neonates Results: On the day of NEC diagnosis by abdominal sonography, 50 neonates were diagnosed with stage II NEC and 1 was diagnosed with stage III NEC. However, sim ple radiography diagnosed 49 neonates with stage I NEC, 1 with stage II NEC, and 1 with stage III NEC. On the third day after NEC diagnosis by abdominal sonography, 48 neonates were diagnosed with stage II NEC and 3 were diagnosed with stage III NEC. On the other hand, simple radiography diagnosed 26 neonates with stage I NEC, 24 with stage II NEC, and 1 with stage III NEC. Conclusion: Abdominal sonography can be used as a tool for accurately diagnosing NEC and treating neonates showing ambiguous symptoms during the early stages of NEC.
INTRODUCTION
Necrotizing enterocolitis (NEC) is a major cause of neonatal mortality. NEC is diagnosed by clinical symptoms and physical and radiological examinations. Radiological exami nations help to objectively diagnose NEC, and of these, simple abdominal radiography and sonography are used in newborns. Pneumatosis intestinalis on simple abdominal radiography provides key evidence for the diagnosis of NEC, but this finding cannot be detected easily 1) . NEC can be diagnosed by abdominal sonographic findings.
Research on the usefulness of abdominal sonography in NEC diagnosis was started by Berdon et al. 2) . Abdominal sono graphy examines the status of the bowel by various methods such as the detection of portal venous gas, free gas, peritoneal fluid, bowel wall thickness, echogenicity, perfusion, and intra mural gas 1, 35) .
It is also used as a tool for predicting the prognosis of NEC 4) .
Recently, several studies have examined the use of abdominal sonography for diagnosing NEC 5, 6) . In particular, some studies have investigated the detailed status of the bowel by using color Doppler imaging 7) . Dilli et al. 5) reported that NEC could be properly treated using abdominal sonography, which detected portal vein gas and echoic free fluid. In particular, echoic free fluid was an early sign of intestinal perforation, which allowed the accurate diagnosis of NEC and early surgical inter vention before the patient's condition was aggravated. Conse quently, diagnosing NEC using abdominal sonography lowered the mortality rate 5) . Kim et al. 3) , Muchantef et al. 4) , and Silva et al. 8) also reported that abdominal sonography was somewhat more accurate than simple abdominal radiography for NEC diagnosis.
There are many studies reporting the strong effective ness of abdominal sonography on the early diagnosis of NEC. However, studies are lacking that have compared the differences between each image when diagnosing NEC using abdominal sonography and simple xray. This study is aimed to identify the difference between abdominal sonography and simple xray for the diag nosis of NEC. In addition, our aim is to investigate if there are differences in the NEC diagnostic stage when different imaging modalities are used. It was noted that the difference in the diagnosis stage, if any, would have a significant impact on the prognosis of the neonate because the treatment may differ. The purpose of the study is to find out if the abdominal sono graphy is more accurate and early diagnosis of NEC stage com pared with simple abdominal xray.
MATERIAL AND METHODS
Of the total number of neonates admitted in the NICU at surgical treatment is applied 9, 10) . Thus, in neonates diagnosed with NEC by abdominal sonography, sonography and simple radiography were performed again on the third day, and the findings of the 2 imaging examinations were used to assess the NEC stages. Simple radiography was conducted several times for 3 days before the second ultrasonography, and the most unfavorable findings were used in the second study for assessing the NEC stages according to the modified Bell's criteria.
This study was a retrospective chart review. In normal radiolo 
RESULTS
Of the 511 neonates, 51 were diagnosed with stage II NEC or higher by using abdominal sonography with a diagnostic yield of According to simple radiographic examinations per formed on the same day, there were 10 cases of normal findings, 39 cases of mild ileus, 1 case of marked ileus, and 1 case of pneu moperitoneum.
Both simple radiography and abdominal sono graphy showed pneumoperitoneum in the same neonate. Simple radiography showed no pneumatosis intestinalis in any patient ( Table 2 ).
Three days after the diagnosis, abdominal sonography and simple radiography were performed again, and the changes in 
DISCUSSION
NEC is a lifethreatening disease in neonates and is a major cause of neonatal mortality 11) . About 110% of neonates hospi talized in the NICU are diagnosed with NEC 12, 13) . The incidence of NEC in neonates with very low birth weight (VLBW) of <1,500 g has been known to be ≥10% 14) .
If NEC is not treated properly, it can progress to bowel per foration, peritonitis, and intraabdominal abscess. Bowel perfo ration occurs in about 12-31% of NEC patients 7) . It is known that NEC mortality is between 20% and 40% and is even higher in VLBW infants 1) . If bowel perforation occurs in VLBW infants, the mortality rate increases to 64% 6) , and the rate of compli cations also increases. Therefore, early NEC detection is crucial for im proving morbidity and mortality.
Simple abdominal radiography is widely used for diagnosing NEC 15) and can be used easily when NEC is suspected. The distri bution of bowel gas and ascites can be examined with patients in the supine and lateral positions. However, it is difficult to identify pneumatosis intestinalis, which is considered to be a main feature of NEC in neonates, by using simple abdominal radio graphy 1) . However, abdominal sonography provides more in formation on NEC and can diagnose NEC by accurately exami ning the status of the bowel through a realtime evaluation of the intraabdominal fluid, bowel wall thickness, and bowel wall perfusion 6) . Simple radiography is easy to perform, and most neonatologists are experienced in performing this examination and have no difficulty in interpreting the findings. In addition, graphy was actively performed in our NICU. Therefore, we were able to accurately diagnose NEC early. As a result, there was a low prevalence of surgery and death resulting from NEC in our NICU. However, this study was limited, the patients in this study had high average gestational age and heavy average body weight, which suggests that the statistical variables were affected by the incidence and severity of NEC. If the study sample was larger and included neonates with lower gestational ages and body weights, the incidence and therapeutic severity of NEC might have been different. In a NICU with a higher severity of NEC, the incidence of NEC is expected to be higher, and the differences in NEC diagnosis rates and NEC stages between ultrasonography and simple radiography may be clearer. In con clusion, our results suggest that abdominal sonography may be useful for diagnosing the early stages of NEC in newborns. If NEC is diagnosed early in neonates, appropriate treatment can be pro vided according to the NEC stage, and a better prognosis can be expected. Sometimes, when a newborn shows symptoms sug gesting NEC, a definite diagnosis cannot be made using only simple abdominal radiography. In such a case, abdominal sono graphy is required for definite diagnosis, accurate assessment of NEC stages, and adequate treatment.
